Background-We report the outcome of pulmonary vein (PV) antrum isolation in paroxysmal atrial fibrillation (AF) patients over more than a decade of follow-up. Methods and Results-A total of 513 paroxysmal AF patients (age 54±11 years, 73% males) undergoing catheter ablation at our institutions were included in this analysis. PV antrum isolation extended to the posterior wall between PVs plus empirical isolation of the superior vena cava was performed in all. Non-PV triggers were targeted during repeat procedure(s). Follow-up was performed quarterly for the first year and every 6 to 9 months thereafter. The outcome of this study was freedom from recurrent AF/atrial tachycardia. At 12 years, single-procedure arrhythmia-free survival was achieved in 58.7% of patients. Overall, the rate of recurrent arrhythmia (AF/atrial tachycardia) was 21% at 1 year, 11% between 1 and 3 years, 4% between 3 and 6 years, and 5.3% between 6 and 12 years. Repeat procedure was performed in 74% of patients. Reconnection in the PV antrum was found in 31% of patients after a single procedure and in no patients after 2 procedures. Non-PV triggers were found and targeted in all patients presenting with recurrent arrhythmia after ≥2 procedures. At 12 years, after multiple procedures, freedom from recurrent AF/atrial tachycardia was achieved in 87%. Conclusions-In patients with paroxysmal AF undergoing extended PV antrum isolation, the rate of late recurrence is lower than what previously reported with segmental or less extensive antral isolation. However, over more than a decade of follow-up, nearly 14% of patients developed recurrence because of new non-PV triggers. (Circ Arrhythm Electrophysiol. 2016;9:e003660.
A trial fibrillation (AF) is the most common sustained arrhythmia associated with a variety of adverse outcomes, including death, stroke, heart failure, reduced quality of life, and increased rate of hospitalizations. 1 Because the initial observation of pulmonary veins (PV) triggering AF was described by Haissaguerre et al 2 in 1998, significant advances have been made in the catheter-based treatment of AF. Today, pulmonary vein antrum isolation (PVAI) is the cornerstone of catheter-based therapies in symptomatic, drug-resistant paroxysmal AF (PAF) patients.
See Editorial by Kumar and Michaud
Long-term arrhythmia-free survival after AF ablation is important and highly desirable because this would have beneficial effects on patient prognosis, clinical decision-making process, and economic policies. Long-term success is defined as freedom from AF/atrial flutter (AFL)/atrial tachycardia (AT) recurrences after the 3-month blanking period through a minimum of 36-month follow-up from the date of the ablation procedure in the absence of Class I and III antiarrhythmic drug (AAD) therapy according to the latest guidelines. 3 Several published reports have provided information on the outcomes of AF ablation. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] A meta-analysis evaluating studies reporting >3 years of outcome after catheter ablation (CA) found that nearly 80% multiprocedure success rates can be achieved in patients with PAF. 21 Few series have reported long-term outcomes of AF ablation over 5 years. 4, [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] However, data on long-term follow-up of PVAI are limited, which would provide valuable information regarding the efficacy and safety of CA and necessity of repeat procedures. Therefore, we sought to assess the outcome of PVAI in patients with PAF over a follow-up period of more than a decade. 
Methods

Study Population
Five hundred and thirteen (513) consecutive patients who underwent their primary ablation for PAF between 2000 and 2002 were included in this study and prospectively followed up for 12 years. Each patient who underwent radiofrequency (RF) CA provided written informed consent before the procedure. The outcome data were extracted from an Institutional Review Board-approved prospective registry. All patients were symptomatic and drug resistant. AF was classified as paroxysmal if episodes terminated spontaneously in <7 days. Until 2005, transesophageal echocardiogram was done immediately before the ablation to exclude the presence of thrombus in the left atrium for patients who presented in AF on the day of the study. After 2005, as uninterrupted warfarin approach was routinely used in our practice, transesophageal echocardiogram was performed in patients presenting with AF if they had subtherapeutic international normalized ratio within 3 weeks.
Ablation Procedure
Institutional protocol for standard mapping and ablation procedure was followed by all physicians as described in earlier publications from our group. 22 Briefly, all AADs were discontinued 4 to 5 half-lives before ablation, whereas amiodarone was stopped at least 4 months before the procedure. Early in the practice, warfarin was discontinued before the procedure, and patients were bridged with low molecular weight heparin. This anticoagulation strategy continued until 2005 when uninterrupted warfarin approach was adapted. PVAI was performed guided by circular mapping catheter and intracardiac echocardiography (ICE) using 8-mm nonirrigated or 4-mm cooled-tip catheter, and open irrigation was used for procedures after 2006. The electric isolation of PV was extended to the posterior wall contained between the pulmonary veins. Complete abolition of all PV potentials rather than decrease in the amplitudes was the end point and confirmed by entrance or exit block. With the 8-mm-tip catheter, RF energy was set at 30 W and 55°C, and power was titrated upward every 5 s from 30 to 70 W while monitoring for microbubble formation. Each lesion typically lasted 30 to 50 seconds. A temperature probe was routinely placed in the esophagus. RF applications were limited to 20 seconds at a single location over esophagus and immediately halted if the temperature reached 39°C or rapidly rose. The protocol with the 4-mm cooled-tip catheter has been described in an earlier publication from our group. 23 Briefly, RF energy was delivered using an average power of 35±7 W to maintain a target temperature of 35-40°C; power was titrated down whenever microbubbles formed. Energy was delivered for 40 to 60 s at each site and no >20 s at left atrial (LA) sites close to the esophagus and was terminated automatically if there was a rise in impedance. 23 With the open-irrigation catheter, initially a temperature of 45°C and maximum power of 50 W was used. 24 However, after observation of high incidence of steam pops and pericardial effusion at higher power in a randomized trial, the maximum temperature and power were changed to 42°C and 45 W, respectively. 25, 26 The superior vena cava (SVC) was also mapped and isolated circumferentially in all patients. Briefly, the circular mapping catheter, guided by ICE, was positioned at the SVC-right atrial junction, which is marked by the lower border of the pulmonary artery. Isolation of the SVC was then performed at that level. 27 During repeat procedures, in addition to ablation of sites showing recovery of conduction, high-dose isoproterenol challenge (≤30 μg/ min) was used to disclose non-PV triggers which were targeted using additional RF energy. Initially, non-PV triggers were defined as firings from the posterior wall of left atrium, crista terminalis, coronary sinus (CS), ligament of Marshall, and interatrial septum. From 2007 onwards, left atrial appendage (LAA) was recognized as an additional site of initiation of AF. Furthermore, early in the practice, only sustained non-PV triggers (>30 s) were targeted for ablation, but starting from 2008, nonsustained drivers, including premature atrial contractions from ectopic sites, were ablated as non-PV triggers.
Follow-Up
All patients were hospitalized overnight with continuous rhythm monitoring and usually discharged the day after the procedure. They were discharged on their previously ineffective AADs, which were continued during the blanking period (12 weeks); amiodarone was never used. AADs were discontinued after the blanking period in all patients if they were in sinus rhythm. Recurrence was defined as episodes of AF/AFL/AT lasting >30 s off AADs.
Follow-up visits were performed in the outpatient clinic at 3, 6, 9, and 12 months after ablation and every 6 months thereafter. An ECG and Holter recording (48-hour Holter until 2006 and 7-days Holter from 2007 onwards) were obtained routinely at each followup visit in the first year. In addition, patients were given an event recorder for the first 5 months and asked to record when they experienced symptoms as well as 3 times per week even if they were asymptomatic. After the first year, arrhythmia monitoring was performed during each office visit (at least annually). In addition to routine clinical assessment, all patients were asked to perform pulse checks twice daily and report any pulse irregularity or increase in heart rate at rest. Referring care providers were also contacted on a regular basis (every 6-9 months) to document recurrences. Repeat ablation procedure was offered to all patients with recurrent arrhythmia. Recurrence of any atrial tachyarrhythmia (AF/AFL/AT) after 3 months of blanking period was the study end point. The study design is presented in Figure 1 .
Statistical Analysis
Continuous data are reported as mean±standard deviation (or median and interquartile range for skewed distributions) and as
WHAT IS KNOWN
• Pulmonary vein antrum isolation (PVAI) for paroxysmal atrial fibrillation (PAF) at >3 years of followup has the reported success rate of up to 80% off antiarrhythmic drugs after multiple procedures.
• Relapse of AF in the presence of permanent PV isolation reflects dynamic alterations in the underlying substrates.
• Non-PV triggers initiating AF can be identified in up to one third of unselected patients referred for catheter ablation for paroxysmal AF and elimination of those increases the success rate of AF ablation.
WHAT THE STUDY ADDS
• In the absence of PV reconnection, very late recurrences were exclusively attributable to new non-PV triggers and ablation of those sites during repeat procedures yielded substantially higher cumulative long-term success.
• Occurrence of recurrent AF after being arrhythmiafree for several years suggested that the evolution of the cardiac substrate facilitating origin of the non-PV triggers can happen even after establishment of sinus rhythm by earlier procedures, especially in elderly patients, females and subjects with genetic predisposition.
• Thus, patients should be educated about the need for long-term close rhythm surveillance because of the possibility of AF recurrence consequent upon cardiac substrate changes as they age.
by guest on October 19, 2017 http://circep.ahajournals.org/ Downloaded from absolute frequencies and percentages if categorical. Long-term arrhythmia-free survival over time was assessed by the KaplanMeier method. Patients who remained event-free at the end of the study period of the first procedure were censored for single procedure outcome. Patients remaining arrhythmia-free at the end of 12-year follow-up after repeat ablations were censored for Kaplan-Meier analysis of multiple procedure outcomes. To identify the predictors of recurrence, multivariate Cox regression analysis was used, and all the variables were entered into the model if significant association was observed in the univariate analysis or if there was some clinical relevance of the variable with the recurrence. All tests were 2-sided, and a P value <0.05 was considered statistically significant. Statistical analyses were performed using SAS 9.2 (SAS Institute Inc, Cary, NC) and IBM SPSS Statistics 22.0 (IBM SPSS Inc, Chicago, IL).
Results
Patient Characteristics
Baseline characteristics of the patients are shown in Table 1 . The average age of the study population was 54.4±10.6 years with 374 (73%) male patients. Overall, 180 (35%) patients had hypertension and 41 (8%) had type II diabetes mellitus. The average body mass index was 28.0±5.2, and average left atrial diameter was 4.3±0.6 cm (Table 1) . Additionally, comparison of baseline clinical characteristics by recurrence status has been provided in Table 2 .
Index Procedure and Follow-Up
PVAI and isolation of the posterior wall between the PVs and of the SVC was achieved in all patients. The average RF time was 57.1±24.3 minutes, whereas the mean procedure time was 137.3±55.5 minutes. No major procedural complications occurred. There were 3 (0.6%) groin hematoma and 2 (0.4%) minor pericardial effusions.
After index procedure, recurrent arrhythmia (AF/AT) was observed in 108 (21%) patients at 1 year, 56 (11%) patients between 1 and 3 years, 21 (4%) patients between 3 and 6 years, and 27 (5.3%) patients between 6 and 12 years. Out of 212 patients with recurrence, 86 (40.8%) patients had recurrence of AF, 116 (55%) patients had recurrence of AFL, 4 (1.9%) patients had recurrence of both AF and AFL, and 6 (2.8%) patients had recurrence of AT. Overall, recurrence-free survival was achieved in 301 (58.7%) patients after the single procedure ( Figure 2 ). 
Repeat Procedures and Follow-Up
Repeat procedure was offered to all patients (n=212) with recurrence and performed in 156 (73.6%) patients (mean 1.4±0.6 procedure/patient). During the second ablation procedure, reconnection of the pulmonary vein was detected in 48 (31%) patients, whereas non-PV triggers were detected in the remaining 108 (69%; Figure 3 ). The non-PV foci were mapped to LAA (10%), CS (59%), interatrial septum (17%), crista terminalis (22%), and SVC (13%). In the remaining patients, the site of origin was undetermined, and empirical lesions were deployed that included left septal line, CS ablation, mitral isthmus line, and more recently LAA isolation. Out of the 156 patients who underwent reablation, 118 patients (75.6%) required 2 ablation procedures, 32 (20.1%) patients required 3 procedures, and 6 (3.8%) patients required 4 ablation procedures. PV reconnection was not noted in any patient after the second procedure.
Overall, after multiple procedures and 12 years of follow-up, freedom from AF/AT was achieved in 446 (86.9%) patients.
A further analysis was performed to examine the distribution of failure time for patients who were arrhythmia-free at 2 years. A total of 419 patients were in sinus rhythm for 2 years after ≥1 procedures. Of the 419 patients, 361 (86%) remained arrhythmia-free at the end of 12-year follow-up and 58 patients experienced recurrence; 6 (10%) failed between 4 and 5 years, 20 (34%) between 6 and 8 years, and 32(55%) had recurrence between 9 and 12 years ( Figure 3) . In these 58 patients, new sites for non-PV triggers were identified from LAA (73%), CS (58%), and interatrial septum (13%) with no PV and posterior wall reconnection and were targeted for ablation (Figures 4 and 5) .
Predictors of Recurrence
Multivariable analysis of recurrence-free survival was performed with the Cox proportional hazard model for the variables which had statistically significant association in the univariate analysis ( 
Discussion
This prospective study was designed to evaluate the effectiveness of PVAI plus isolation of SVC guided by ICE and circular mapping catheter in terms of arrhythmia-free survival at more than a decade of follow-up. To the best of our knowledge, this study has the longest follow-up duration for patients who underwent CA of PAF.
Our major findings are as follows: (1) single procedure success rate was 59% off AADs at the end of the follow-up period, which improved to 87% after repeat ablation(s); (2) PVAI plus isolation of SVC guided by ICE and circular mapping catheter was a safe and effective approach to achieve long-term arrhythmia-free survival; (3) after 1 or 2 procedures, majority of patients remained arrhythmia-free for 2 years, and recurrences were mostly observed 5 to 10 years thereafter. Moreover, PV reconnection was not detected in any of the recurrent cases after 2 procedures, whereas non-PV triggers were found in all; (4) predictors of recurrence were age, left atrial size, female sex, and obesity; (5) late recurrences were always because of triggers identified at new non-PV sites.
Among study results addressing the long-term outcomes of ablation efficacy in PAF patients, there is a wide disparity because of differences in patient characteristics, ablation techniques, success definitions, monitoring approaches, and follow-up frequencies. 5 evaluated 100 patients and documented 82% multiprocedure success rate, including patients using AADs at a mean of 39±10 months after last RF procedure. Sawhney et al 6 followed 71 patients over 5 years and reported overall success rate of 56% at 5 years after the index ablation, which improved to 84% with multiple procedures. The difference in the overall success rate as observed in our study is most likely because of our extensive PVAI approach compared with circumferential PV isolation performed in these trials. 26, 27 Previous studies have reported significantly better outcome with PVAI guided by circular mapping catheter over 3D mapping-guided circumferential PV isolation. 28, 29 Also, in a meta-analysis by Proietti et al, wideantral approach encompassing the part of the posterior wall in between the PVs was observed to be more effective than ostial PV isolation in achieving freedom from arrhythmia. 30 For Shah et al, 14 the recurrence rate at 1, 2, 3, 4, and 5 years of follow-up were 8.7%, 5.8%, 8.8%, 13%, and 25.5%. This was a retrospective study of mixed PAF (86%) and non-PAF cohort. Although majority of patients had PAF, inclusion of non-PAF patients might have contributed to higher late recurrence. Additionally, at the second procedure, their patients received PV reisolation plus 2 linear lesions (roof and isthmus line). This ablation approach is known to be associated with suboptimal outcomes; recently published randomized trials have demonstrated no additional benefit of linear ablations in terms of arrhythmia recurrence when performed in conjunction with PV isolation. 31, 32 Our ablation approach targeting non-PV triggers along with PVAI appeared to yield higher long-term success rate, which is in agreement with findings from earlier studies. [8] [9] [10] 15, 16 Study result of Sorgente et al 7 was more disappointing with a 6-year multiprocedure success rate of 50% in PAF patients which could be because of stricter definition of recurrence as well as their ostial ablation approach.
Superiority of PVAI and isolation of SVC guided by ICE and circular mapping catheter over the other ablation techniques have already been demonstrated in multiple trials. 10, [33] [34] [35] Herein, we showed the durability of this approach in maintaining sinus rhythm over more than a decade of follow-up. Time distribution of arrhythmia recurrences in the present study was an interesting and novel observation. Majority of our patients remained free of AF off AAD for at least 2 years after the initial or the second procedure, which is consistent with the findings of Tzou et al. 15 The 419 patients who remained arrhythmia-free after 1 or 2 procedures mostly experienced arrhythmia recurrence 5 to 10 years after being in sinus rhythm for 4 years and underwent redo ablations. Of note, PV reconnection was not detected in a single patient during the third and fourth procedure, whereas new non-PV arrhythmogenic foci mostly located in the LAA and CS region were identified in all having late recurrences. Relapse of AF in the presence of permanent PV isolation reflects dynamic alterations in the underlying substrates. 12 Our finding of recurrent events happening in the latter part of the follow-up period after being AF-free for years and the recurrences being exclusively attributable to non-PV triggers is of utmost importance because it suggests that the evolution of the cardiac substrate is possibly not affected by elimination of AF in the first place and thus contests the age-old hypothesis of AF begetting AF. 36 Possibly, other risk factors, such as age, sex, genetic predisposition, left atrial size, and comorbidities, such as hypertension, obesity, sleep apnea, structural heart disease, and left ventricular dysfunction, play causal role in modifying the substrate even after establishment of sinus rhythm by earlier procedures. 21 Additionally, our past experience and findings from this study reinforce the crucial role of non-PV triggers in the maintenance of AF and strongly suggest the importance of effective ablation of these ectopic foci. In the early 2000, because of stringent definition of non-PV triggers and limited use of mapping to locate trigger points, many of those ectopic foci typically remained unidentified, especially the LAA which was not a widely recognized site of AF initiation back then. For the same reason, most of the non-PV triggers from LAA were not ascertained during the second procedure, and many of those patients were labeled as permanent failures. Years later, during repeat ablation for late arrhythmia recurrence, new LAA sites were revealed with isoproterenol challenge to be the major source of arrhythmia, and ablation of those improved the procedure outcome significantly. We observed age and sex to be the strongest independent predictors of late recurrence in our study population. Aging process of the heart and remodeling of the atrium contribute to development of ectopic triggers at non-PV sites. 37 Moreover, non-PV triggers are known to be highly prevalent in females, which explain higher rate of AF recurrences after PVAI in women. 38, 39 The findings from these published trials are in accordance with the results of our study documenting the role of non-PV triggers for late recurrences. Obesity and left atrial size were also found to be independent predictors of late AF recurrence in our population as has been shown by several prior publications. [40] [41] [42] [43] [44] [45] [46] In this context, it is worth mentioning that the Aggressive Risk Factor Reduction Study-Implication for AF (ARREST-AF) study has reported improved long-term success of AF ablation in a majorly PAF population from a single center after aggressive risk factor reduction and efficient weight management. 47 However, this was not a randomized study, and more than half of the patients experiencing recurrence in our series were not obese. Additionally, our findings showed high body mass index to be an independent predictor of early recurrence only and not late recurrence. Based on our findings, high-risk patients should be educated about the possible evolution of the substrate over time and long-term close rhythm surveillance for timely determination of the need for reinitiation of anticoagulation therapy.
In contrast to previous reports, PV reconnection was not found to be the major mechanism of arrhythmia recurrence in our study. 4, [6] [7] [8] [9] 12, 14, 16, 17, 32 This differential observation can be attributed to the use of higher power and our standard practice of high-dose isoproterenol challenge to reveal PV reconnection at the end of the procedure, which confirms PV isolation and minimizes the likelihood of recovery of conduction in future. [48] [49] [50] [51] Of note, our main indication for repeat ablations was not AF as reported in earlier studies. AFL (54.5%) was the major cause rather than AF (40.8%) in this trial.
Our result has strong clinical relevance because the study included a relatively large number of subjects compared with other published trials and was composed of only PAF patients thus minimizing heterogeneity. Additionally, it had the longest duration of follow-up after CA of AF.
Limitations
Certain limitation in our study needs to be acknowledged. The definition of arrhythmia-free survival depended on symptombased or intermittent rhythm monitoring data. A substantial portion of patients might have remained unrecognized because of asymptomatic episodes falling outside the monitoring periods.
Conclusions
Patients with PAF benefitted significantly from extended PVAI in terms of arrhythmia-free survival off AAD at longterm follow-up. All late recurrences, in the absence of PV reconnection, were as a result of new non-PV triggers, and ablation of those sites during repeat procedures yielded substantially higher cumulative success after more than a decade. 
